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(54) SOLID ELECTROLYTE CAPACITOR AND ITS MANUFACTURE 

(57) A solid electrolyte layer of dense and uniform 
conductive polymer is formed with a capacitor element 
of the wound type in order to provide a solid electrolytic 
capacitor of improved electric characteristics and large 
capacity and a process for manufacturing the same. 
The capacitor element (10) in which an anode foil (1) 
and a cathode foil (2) are wound by means of a separa- 
tor (3) is impregnated with a solution mixture of 3.4-eth- 
ylendioxythiophene and an oxidizing agent so that the 
solution mixture is penetrated into the inside of the 
capacitor element (10) for the gentle polymerization 
reaction of 3,4-ethylendioxythiophene with an oxidizing 
agent during and after the impregnation in order to pro- 
duce polyethylenedioxythiophene for forming a solid 
electrolyte layer within the capacitor element. Further, a 
solid electrolytic capacitor in which an electrolytic layer 
is sufficiently achieved with a low impedance is obtaina- 
ble. 3.4-ethylendioxythiophene is polymerized by an oxi- 
dizing agent in a solution of one or more alcohols which 
is selected from dihydric alcohol, trihydric alcohol and 
dihydric alcohol derivatives. Accordingly, the reaction is 
rapidly enhanced maintaining an improved condition in 
the polymerizing reaction, and the electrolyte layer hav- 
ing a high degree of polymerization, improved conduc- 
tivity and adhesive properties to the oxide dielectric 
layer is formed. 
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The present invention relates to a solid electrolytic capacitor and a process for manufacturing the same and Partic- 
ularly to a solid electrolytic capacitor which employs conductive polymers as an electrolyte and to a solid electrolytic 
capacitor of-improved impedance characteristics. 

[Prior Art] 

An electrolytic capacitor is comprised of an anode of valve action metals such as tantalum, aluminum and the like 
having fine pores or etching pits, and formed thereon with an oxide coating layer as a dielectric body from which elec- 

^Thedrawing of the electrode from the oxide coating layer takes place by a conductive electrolyte layer. Conse- 
quently, in the electrolytic capacitor, the electrolyte layer bears a true cathode. For example in the aluminum electrolytic 
capacitor, a liquid electrolyte is used as a true electrode, and a cathode merely provides an electrical connection 
between a liquid electrolyte and an external terminal. 

The electrolyte layer which functionatss as a true electrode requires adhesive propert.es. denseness, un, orrruty 
and the like with the oxide coating layer. In particular, adhesive properties at the inside of fine pores or etching pit of the 
anode greatly affect to electrical properties and hitherto a number of electrolyte layers have been proposed 

In the sdid electrolytic capacitor a solid conductive electrolyte is used in place of a liquid electrolyte which lacks .n 
impedance characteristics at a high-frequency region on account of ionic conduction as known by manganese d.oxide 
and 7 7 8 8-tetracyanoquinodimethane (TCNQ) complex. 

The solid electrolyte layer of manganese dioxide is formed by dipping an anode element of sintered body of tanta- 
lum into an aqueous solution of manganese nitrate for subsequent thermal decomposition at approximately 300 C - 

400 °in'the capacitor employing the solid electrolyte layer thus formed, the oxide coating layer is likely subjected to 
breakage on the thermal decomposition of manganese nitrate with a possible increment of the leakage current and fur- 
ther a satisfactory impedance characteristics could not be obtained because of a high specific resistance of the man- 

30 Moreovt^K le^d wire damaged by a thermal treatment needed an alternate external terminal for connection as 

^ TSelJcTolytic capacitor with use of TCNQ complex is disclosed in the Japanese Uid-Open Patent Publication 
58-191414 wherein TCNQ complex is objected to the thermal melting with subsequent dipping into and coating with 
an anode to form a solid electrolyte layer. TCNQ complex has a high electrical conductivity with improved results in fre- 

qUe TCNQ d complex Son afttr Sen tends, however, to transform into an insulator with difficulty in the temperature 
control during the manufacturing process of the capacitor and since TCNQ complex per se lacks .n heat resistance a 
re^markable variation in the characteristics is caused by a soldering heat when TCNQ is mounted on a pr.nting base. 

!n order to solve the matters to be caused by those manganese dioxide or TCNQ complex. ,t has been tried to use 
<ujch conductive polymers as polypyrrole for a solid electrolyte layer. 

^S^ \d^JSi V % represented by a polypyrrole are mainly formed by a chemical oxidative polym- 
erization process or a chemical polymerization or an electrolytic oxidative polymerization process or an electrolyte 
polymerization, but with a difficulty in forming a film with high strength and denseness. 

On the other hand, the electrolytic oxidative polymerization process needs an application of a voltage to an object 
for forming a film with a difficulty in application it to an anode for the electrolytic capacitor formed on rts surface wi«v an 
oxide L?ing layer of an insulator. Thus, there is proposed a process of coating the oxide coa tang layer previously with 
TcoXlve prime coating layer of for example conductive polymer film which is chemically polymenzed with an oxid.z- 
fnq agent to form a conductive polymer film coating layer on the oxide coating layer and subsequently subjecting to an 
*Z^XZ£*» w«h L y prime coating layer as an electrode in orderto form 

in the Japanese Laid-Open Patent Publication 63-173313 and the Japanese La.d-Open Patent Publ.cat.on 63-158829 
where a manganese dioxide is used to form a prime coating layer. 

Such conventional process, however, needs a tedious production step for previously formmg a prime coating layer 
with an extreme difficulty in continuous production of a conductive polymer film with homogeneous thickness over a 
wl range and I alao because of growing of a solid electrolyte layer from the vicinity of an externa, electrode for polym- 
erization arranged on a coating surface of the anode in accordance with the electrolytic polymerization 

Thus it has been tried to wind foil anode and cathode with a separator to form a so-called wound type capacrtor 
element which is then dipped in a monomer solution of pyrrole and the like and an oxidizing agent to form an electrolyte 
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layer of a conductive polymer film prepared merely by means of a chemical polymerization. 

The wound type capacitor element has been known by an aluminum electrolytic capacitor, but it has been desired 
to avoid any tediousness of an electrolytic polymerization by retention of the conductive polymer layer with the separa- 
tor and to more increase a capacity by the foil electrode with an enlarged surface area, 
s In addition, an employment of the wound type capacitor element is desired to hold opposite electrodes and a sep- 

arator at a constant clamping pressure for contribution to adhesive properties of opposite electrodes and the electrolyte 
layer. 

It has been, however, appreciated that the capacitor element when impregnated with a solution mixture of a mon- 
omer solution with an oxidizing agent is not formed through an inside thereof with a solid electrolyte layer so that a 
10 desired electrical characteristics is not obtainable. 

When the capacity element was impregnated with a monomer solution and an oxidizing agent separately or a 
polymerization temperature of the solution at the reaction was went down, however, a certain improved electrical char- 
acteristics could be obtained although there remained a problem of an insufficient beat-resistance. 

This defect is considered to cause because of growth of the solid electrolyte layer in the vicinity of the terminal sur- 
fs face of the capacitor element which interteres the subsequent osmosis of the solution to disturb a sufficient osmosis of 
the solution through the inside of the capacitor element so that the solid electrolyte layer of dense and uniform charac- 
teristics could not be formed. 

Moreover, since the chemical polymerization takes place at a low temperature, a strict temperature control is 
required with a complexed manufacturing mechanism and an increased cost. 
20 On the other hand, the researches of the conductive polymers of various kinds have revealed a polyethylenediox- 
ythiophene (PEDT) which has a gentle reaction rate but excellent adhesive properties with the oxide coating layer of the 
anode as disclosed in the Japanese Laid-Open Patent Publication 2-1561 1. 

Recently, the digitalization of the electronic apparatus with the high-frequency requires the capacitor to minimize 
but with a large capacity and a low impedance at the high frequency region. 
25 To meet the aforementioned requirements, a solid electrolytic capacitor applying a manganese dioxide as an elec- 
trolyte has hitherto been used. This electrolyte of manganese dioxide of the solid electrolytic capacitor is, however, 
formed of thermal decomposition of manganese nitrate, although so formed manganese dioxide results in a high elec- 
trical conductivity and the solid electrolytic capacitor with the manganese dioxide of this type is no longer tolerated to 
an impedance characteristics to be required in the latest high frequency region. 
30 To meet the requirements, use has been made of an organic semiconductor having a high electric conductivity as 
a solid electrolyte. 

For example, a solid electrolytic capacitor applying TCNQ complex for the solid electrolyte is disclosed in the Jap- 
anese Laid-Open Patent Publication 58-1 7609, and a solid electrolyte capacitor applying a polypyrrole for the solid elec- 
trolyte is disclosed in the Japanese Laid-Open Patent Publication 60-371 1 4. However, either inferior heat-resistance of 
35 TCNQ complex or inferior voltage resistance of polypyrrole results in drawbacks of the electrolytic capacitor. 

Accordingly, as disclosed in the Japanese Laid-Open Patent Publications 2-1561 1 and 3-114213, a solid electro- 
lytic capacitor of polythiophen which has excellent impedance characteristics, improved heat-resistance and voltage 
resistance as a solid electrolyte has been developed. 

It has been revealed, however, that the solid electrolytic capacitor produced with polythiophen tends to release the 
40 electrolytic layer with inferior tan 6 and ESR characteristics. 

The present invention aims to polyethylenedioxythiophene which has a gentle polymerization reaction rate and to 
form a solid electrolyte layer of dense and uniform conductive polymer with capacitor element of the wound type in order 
to provide a solid electrolytic capacitor of improved electric characteristics with large capacity and a process for manu- 
facturing the same. 

45 The present invention further aims to an influence of a solvent on the polymerization reaction by observing a phe- 
nomenon of an advancement of the polymerization reaction of thiophene with evaporation and fluidization of the solvent 
and to provide a solid electrolytic capacitor of low impedance and excellent tan 5 and ESR where an electrolyte layer 
which is formed in improved and tight adhesion to an oxide coating layer is provided. 

so [Disclosure of the Invention] 

In the solid electrolytic capacitor according to the present invention, a capacitor element in which anode and cath- 
ode foils are wound with a separator of glass paper is impregnated with a solution mixture of 3,4-ethylendioxythiophene 
and an oxidizing agent, and the solution mixture penetrated into the separator is subject to the polymerization reaction 
55 to produce a polyethylenedioxythiophene for forming an electrolytic layer to be held by the separator. 
Further, iron p-toluenesulfonate dissolved in ethylene glycol is used as an oxidizing agent 
Further, in the electrolytic capacitor according to the present invention, a glass paper may be replaced by a sepa- 
rator of a blend of the glass paper with a paper preferably of less than 80 %. 
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To produce an electrolytic capacitor according to the invention, a solution mixture of 3.4-ethylendioxythiophene and 
an oxidizing agent is penetrated into a capacitor element in which anode and cathode foils are wound with a separator 
of a glass paper or a blend of a glass paper with a paper end the solution mixture penetrated into the separator is sub- 
jected to a polymerization reaction to produce a polyethylenedioxythiophene. 

Further a solution mixture of 3.4-ethylendioxythiophene and an oxidising agent after impregnated into a capacitor 
element in which anode and cathode foils are wound by a separator of a glass paper or a blend of glass paper with 
paper is left for 15-2 hours at 25-1 00°C, preferably for 4 hours at 50°C end the same operations are repeated for a sev- 
eral times to produce polyethylenedioxythiophene. 

Moreover a blend ratio of 3.4-ethylendioxythiophene and an oxidizing agent is preferably in the range of 1 .3 to 1.1 5. 
Thus according to the present invention, the capacitor element in which anode and cathode foils are wound by a 
separator of glass paper or a blend of a glass paper and a paper is impregnated with a solution mixture of 3.4-e hylen- 
dSophene and an oxidizing agent so that the solution mixture is penetrated into the inside of th^mnl 
for the gentle polymerization reaction of 3.4-ethylendioxythiophene with an oxidizing agent during and after the impreg- 
nation in order to produce polyethylenedioxythiophene for forming a solid electrolyte layer within the capactor element 
and the solid electrolyte layer is suspended by the separator from its initial production 

Further in the solid electrolytic capacitor according to the present invention a dielectric layer of valve action metal 
oxide and an electrolyte layer of conductive polymer are successively formed on the surface of the valve act.on metal, 
wherein said electrolyte layer of conductive polymer is polyethylenedioxythiophene which is formed by means ; of polym- 
erization reaction of 3.4-ethylenedioxythiophene with an oxidizing agent in one or more solvent(s) selected from d.hy- 
20 dric alcohol trihydric alcohol and dihydric alcohol derivatives. 

20 dnc ^ W Qr V a ocess accordjng tQ the presen , jnvention comprise a step of forming a dielectnc layer of a valve 
action metal oxide on a surface of the valve action metal, a step of adhering of a solution containing 3.4-ethylenediox- 
Shene o^or more solvent which is selected from dihydric alcohol, trihydric alcohol and dihydric alcohol denva- 
Lsand an oxidizing agent to a dielectric layer of oxide, and a step of beating for facilitating a polymerization react.on 

25 for production and adhesion of polyethylenedioxythiophene as an electrolyte layer on the dielectric layer of o*de_ 

Solvents behave stably in the polymerization reaction and are maintained in good condition during the react.on fo 
oerforming a quick reaction to produce an electrolytic layer having a high polymerization degree, improved electrical 
conductivrty and adhesive property to the dielectric layer of oxide so that a solid electrolytic capacitor .n wh,ch an elec- 
tro^lclaye" ? s sufficiently adhered to an oxide coating layer with an excellent tan 6 and ESR and a low impedance ,s 

30 obtainable. 

[Brief Explanation of the Drawings] 

Fig 1 shows an exploded perspective view of a capacitor element according to the present invention. 
• Fia 2 shows a partially enlarged view of an anode foil used in the present invention. 

Fig.3 shows a schematic sectional view of construction of the solid electrolytic capacitor according to the invention. 

[Best Mode for Work of the Invention] 

An embodiment according to the present invention shall be explained below with reference to the drawings 
The Fiq 1 shows a solid electrolytic capacitor according to the present invention, wherein an anode fail (1) of a 
valve action metal such as aluminum with an oxide coating layer formed on the surface of the metal and a cathode foil 
(2) are wound by a separator (3) of a glass paper or a blend of a glass paper and a paper to provide a capactor element. 
Se capacitor elements then impregnated with a solution mixture of 3.4-ethylenedioxythiophene with an Rising 
agent and the solution mixture which is penetrated into the separator (3) is subjected to a V*ym*M*on reaction to 
produce a polyethylenedioxythiophene for forming a solid electrolytic layer (5) which « wnded »vthese^r p) 
The anode foil (1) is made of a valve action metal such as aluminum and the surface thereof is roughened by an 
electrochemical etching treatment in an aqueous chloride solution to provide a number of etching pitsi [8] I as shown in 
^2 Fu^er the i anode foil (1) on its surface is formed with an oxide coating layer (4) of dielectric body by applying a 
so voltaqe in an aqueous solution such as ammonium borate and the like. ^ Wnr . 
-? he "athode foil (2) is made of aluminums like the anode foil (1) and the surface thereof is treated by only etching. 
The anode foil (1) and the cathode foil (2) are connected with lead wires (6) and (7) by the known means such as 
stitch, ultrasonic welding and the like, for external connections with respective electrodes. The ead wires (6 and (7) are 
made of aluminum and the like and provide external electric connections with connections of the anode fo.l (1) and the 
55 cathode foil (2) and are derived from the terminal surface of the wound capacitor element (10). 

The separator (3) consist of a glass paper or a blend of a glass paper and a paper such as man.la paper, kraft paper 
and the like with the blending ratio by weight per unit area of less than 80 % when the blended separator ,s used. More- 
over although the separator (3) may have any thickness, a thickness of 80-200 n m ,s preferable to control a diameter 
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size of the capacitor element (10) which is increased when a thicker separator is used. Moreover, reasons of the sepa- 
rator (3) of a glass paper or a blend of a glass paper and a paper are used to suppress an oxidizing reaction of an oxi- 
dizing agent in the solution mixture which is impregnated in the capacitor element (10) with the separator (3) for 
maintenance of the oxidizing ability of the oxidizing agent and improvement in permeability of the solution mixture. 

5 The capacitor element (10) is formed by winding the anode foil (1) and the cathode foil (2) to interpose the separa- 

tor (3) the therebetween. The opposite electrode foils (1) and (2) may have any size according to the specification of the 
solid electrolytic capacitor to be produced, and the separator (3) may also have a width size as slightly larger than the 
sizes of opposite electrode foils (1) and (2). 

3,4-ethylenedioxythiophene may be obtained by a known process such as disclosed in the Japanese Laid-Open 

10 Patent Publication 2-1561 1 . Further, the oxidizing agent is iron p-toluenesulfonate dissolved in ethylene glycol. A pro- 
portion of ethylene glycol to iron p-toluenesulfonate in the oxidizing agent may be arbitrary but the proportion used in 
the present invention is 1 :1. A blending ratio of the oxidizing agent to 3,4-ethylenedioxythiophene is preferably in the 
range of 1:3 to 1:15. 

A process for impregnating a solution mixture of 3,4-ethylendioxythiophene with an oxidizing agent into the capac- 
15 itor element (10) may be of a known means such as vacuum impregnation method, pressure impregnation method and 
the like. 

A process for preparing a solid electrolytic capacitor according to the present invention and a solid electrolytic 
capacitor thus obtained shall further be described in the following examples. 

20 [Example 1] 

The anode foil (1) and the cathode foil (2) consist of valve action metals such as aluminum, tantalum and their sur- 
face areas are enlarged by the previous etching treatments. The anode foil (1) is further applied by a forming treatment 
to provide an oxide coating layer (4) of aluminum oxide. 

25 The anode foil (1) and the cathode foil (2) are wound with a separator (3) of glass paper having a thickness of 80- 
200 p. m to obtain a capacitor element (10). 

In this example, the capacitor element (10) employed a diameter size of 4 0 and a longitudinal size of 7mm. Fur- 
ther, the anode foil (1) and the cathode foil (2) of the capacitor element (10) have respectively electrical connections 
with lead wires (6), (7) protruding from the terminal surface of the capacitor element (10). 

30 The capacitor element (10) thus constructed is impregnated with a solution mixture of 3,4-ethylendioxythiophene 
with an oxidizing agent. As the oxidizing agent, iron p-toluenesulfonate dissolved in ethylene glycol is used, a blending 
ratio of 3,4-ethylenedioxythiophene to the oxidizing agent is preferably in the range of 1:3 to 1 :15. 

The impregnation is carried out by dipping the capacitor element (10) into an impregnation bath for storing a con- 
stant amount of the solution mixture with the necessary pressure reduction. 

35 The capacitor element (10) impregnated with the solution mixture is then picked up from the impregnation bath and 
is then allowed to stand for 15-2 hours at the polymerization temperature of 25-1 00°C to produce a polyethylenediox- 
ythiophene or a solid electrolyte layer (5) by the polymerization reaction. 

Ranges of the polymerizing temperature and standing time may be arbitrarily varied in accordance with parameter 
of the capacitor element (10) to be produced within the aforementioned ranges, although when the polymerizing tem- 

40 perature is elevated, an electrostatic capacity, tan 5 and impedance characteristics among the electric characteristics 
of the solid electrolytic capacitor are likely enhanced, but the leakage current characteristics tends to come down. The 
standing time may suitably be selected from approximately 15 hours at the polymerization temperature of 25 °C, about 
4 hours at 50 °C, for 2 hours at 100 °C and most suitably 4 hours at 50 °C to meet with the coating result and duration 
of the solid electrolyte layer (5). 

45 The capacitor element is then washed with water, organic solvents and the like for a period of approximately 120 
min., followed by dryness at 100-180°C for a period of 30 min., and then subjected to an aging process by applying 
approximately 40-60% of the voltage based on the voltage resistance of the anode foil (1) at an ambient temperature to 
complete a production of the solid electrolyte layer (5). 

The process of production of the solid electrolyte layer (5) may be repeated by plural times on demands. 

so The capacitor element (10) in which the separator (3) is interposed between the anode foil (1) and the cathode foil 
(2) to form the solid electrolyte layer (5) is coated on its outer periphery with an armored resin, for example, to provide 
a solid electrolytic capacitor. 

[Example 2] 

55 

The capacitor element (10) which is produced in accordance with the Example 1 employed a separator (3) of a 
blend of a glass paper and a paper. The paper may be selected from a manita paper, a kraft paper and the like, but a 
manila paper has been used in the Example. The blending ratio by weight per unit area is less than 80 % paper with the 
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thickness of 80-200 \i m. 

The solid electrolytic capacitor according to Example 1 is compared with the conventional solid electrolyt.c capac- 
itor to define the electrical characteristics. 

As comparison examples, the capacitor elements of the same construction as Example 1 have been employed, 
and in Comparison Example 1 the capacitor element is impregnated with a monomer solution of pyrrole and oxidizing 
agen?a7a7ambie nt temperature to form a solid electrolyte layer and in Comparison Example 2 the capactor element 
is impregnated with a monomer solution of pyrrole and oxidizing agent at a low temperature such as approximately - 
10"C to form a solid electrolyte layer. ... . . .ro^H 

Each ten samples have been prepared and the respective initial charactenst.cs in average have been measured to 

show the results of the following Table 1 . 



Table 1 





Electrostatic 
capacity 120Hz 
Ot "=) 


tan 5 120Hz (%) 


ESR 100KHz (mO) 


Leakage current 
10V (fiA) 


Voltage resistance 
(B.D.V) 


Com.Ex.1 


7.5 


11.3 


180 


83.0 


10.0 


Com.Ex.2 


10.5 


2.5 


50 


0.5 


18.0 


Ex.1 


10.0 


2.3 


50 


0.1 


30.0 



15 



20 



25 



30 



As shown in the results, the solid electrolytic capacitor according to Example 1 shows an equivalent electrostatic 
capacity and tan 5 and an improved voltage resistance so compared with Comparison Example 2 in wh.ch polypyrrole 

iS 'Thf s^ S^^tor according to the aforementioned Examp.e 2 is compared with the sol* electric 
capacitors with the solid eletrolyte layer of polyethylenedioxythiophene prepared by the same P rocess H a \^ 
which a manila paper has been used as a separator (Comparison Example 3), and a carbon paper wh,ch .s formed by 
carbonization of manila paper at approximately 350-400°C (Comparison Example 4) has used. 

Each ten imples have been prepared in the same manner and the respective initial charactenst.es in average 
have measured to show the results in the following Table 2. 



Table 2 
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Electrostatic capacity 
120Hz (n F) 


tan 5 120Hz (%) 


ESFMOOKHz (m Q) 


Leakage current 10V (p, A) 


Com.Ex.3 


9.3 


2.5 


550 


5.5 


Com. Ex.4 


10.0 


6.3 


1050 


10.3 


Ex.2 


10.0 


2.3 


50 


0.1 



As seen from the results, in the Comparison Example 3 employing the conventional manila paper an oxidative 
reaction with an oxidizing agent in the solution mixture impregnated in the capacitor element is developed with reduc- 
iofran oSdizing ability o?the oxidizing agent and consequent poor adhesion of the anode foil to the ox,de coating 
ayer so that desired characteristics for the electrostatic capacity or impedance charactenst.es could not be obtained 
Moreover when a carbonized separator is employed, the leakage current charactenst.es » s.gn.f.cantly reduced other 

^eEyS 

valveaction metal (1) on its surface is formed with the oxide dielectric layer (2) of the valve action meta (1) on wh eh a 
solution of 3 4-ethylenedioxy-thiophene and a solvent of dihydric alcohol or trihydric alcohol and oxidizing agent are 
depS fori subsequent heating for facilitating the polymerization to provide the electrolyte layer (3) of poly-ethylene- 

d,OX The valvTaction metal (1) may include, for example, aluminum, tantalum, niobium, titanium and their alloys^ 

The oxide dielectric layer (2) may be provided by the known process. For example, when a sintered body o f tanta- 
lum powder is employed, a sintered body of tantalum is allowed to an anodic oxidat.cn ,n an aqueous solution of phos- 
phoric acid to provide the oxide dielectric layer (2) of tantalum oxide on the surface of the porous sintered body. 
Alternatively when aluminum foil is employed, the surface of the aluminum foil is allowed to an electrochem.cal etching 



^NSDOCID^EP 0833352A1 I > 



EP 0 833 352 A1 



for subsequent forming in an aqueous solution of boric acid and the like and the oxide dielectric layer (2) of aluminum 
is formed on the surface of aluminum foil of the valve action metal. 

The capacitor may include such modes as a wound type, a sintered type, a laminated type and the like, for example, 
a wound type aluminum electrolytic capacitor, a sintered type tantalum electrolytic capacitor, a laminated type alumi- 
s num electrolytic capacitor for applications. 

A dihydric alcohol for the solvent to be used in the present invention may be of ethylene glycol, propylene glycol, 
butanediol, pentanediol, hexylene glycol, hexanediol, heptanediol, octanediol, nonanediol, decanediol. pinacol, hyd- 
robenzoin, benzpinacol, cyclopentanediol, cyclohexanediol, diethylene glycol, triethylene glycol and the like. Further, 
trihydric alcohol may be of glycerin, hexanetriol. 
10 In particular, ethylene glycol, propylene glycol and hexylene glycol are preferable. 

Furthermore, derivatives of dihydric alcohol may be of dihydric alcohol ethers, esters of dihydric alcohol and esters 
of dihydric alcohol ethers. 

Dihydric alcohol ethers may be of ethylene glycol monomethylether, ethylene glycol monoethylether, ethylene gly- 
col monobutyl ether, diethylene glycol monomethylether, diethylene glycol monoethylether, diethylene glycol dimethyl- 

15 ether, diethylene glycol monoethylether, propylene glycol monobutyl ether, dipropylene glycol monomethylether, 
dipropylene glycol monoethylether and the like. Esters of dihydric alcohol may be of ethylene glycol monoacetate, eth- 
ylene glycol diacetate and the like. Esters of dihydric alcohol ethers may be of ethylene glycol monomethylether ace- 
tate, ethylene glycol monoethylether acetate, diethylene glycol monoethylether acetate and the like. 
In particular, ethylene glycol monomethylether and ethylene glycol monoethylether are preferable. 

20 Moreover, the solvents may include a solvent mixture containing at least two of solvents selected from dihydric alco- 
hol, trihydric alcohol, dihydric alcohol ethers, esters of dihydric alcohol, esters of dihydric alcohol ethers and other deriv- 
atives of dihydric alcohol, or mixture solvent containing at least two of solvents selected from, for example, dihydric 
alcohol. 

As oxidizing agent, for example, ferric chloride, ferric perchloride, and ferric iron of inorganic acid having organic 
25 groups such as iron p-toluenesulfonate or iron dodecylbenzenesulfonate, further, hydrogen peroxide, potassium bichro- 
mate, alkaline metal persuffate, ammonium persulfate, alkaine metal perborate, potassium permanganate, periodic 
acid, iodic acid, copper tetraf luoroborate and the like may be employed. 

In particular, iron p-toluenesulfonate and iron dodecylbenzenesulfonate are preferable. 

In the solid electrolytic capacitor produced by the process according to the present invention, a solvent of 3,4-eth- 
30 ylenedioxy-thiophene, dihydric alcohol, trihydric alcohol or derivatives of dihydric alcohol and a solution of an oxidizing 
agent are deposited onto the capacitor element for heating and polymerizing 3,4-ethylenedioxy-thiophene as monomer 
in the solution to obtain a poly-ethylenedioxy-thiophene which is a polymer of 3,4-ethylenedioxy-thiophene for forming 
the electrolyte layer (3). 

When dihydric alcohol, trihydric alcohol or derivatives of dihydric alcohol is used as a solvent, the reaction is rapidly 
35 enhanced by holding the polymerizing reaction in improved condition and the electrolyte layer (3) having a high polym- 
erization degree and conductivity as well as adhesive properties to the oxide dielectric layer (2) is armed to obtain an 
electrolytic capacitor of improved tan 6 and ESR. 

Particularly, the electrolyte layer (3) formed on the outer periphery of the sintered type tantalum electrolytic capac- 
itor has improved adhesive properties to the tantalum sintered body with improved film formation properties. Namely, a 
40 solution of monomer, oxidizing agent and solvent is sufficiently penetrated into the porous portion of the sintered body 
of tantalum electrolytic capacitor for deposition onto the oxide dielectric layer (2), thereby to maintain the good reaction 
condition during heating and polymerization for performing a rapid polymerization reaction with an improved formation 
of the electrolyte layer (3). 

45 [Example 3] 

Tantalum powder is subjected to a pressure molding to plant a tantalum lead and then the anode body of 1 .9mm x 
2.4mm is applied by the formation voltage of 61 V in an aqueous solution of phosphoric acid for the anodic oxidation to 
form an oxide coating layer of tantalum. Subsequently, 8g of 3,4-ethylenedioxy-thiophene, 22g of iron p-toluenesul- 

50 fonate and 22g of ethylene glycol are mixed at a room temperature and dipped in the solution to deposit the solution on 
the oxide coating layer, followed by heating at 80 °C for 30min. to promote the polymerizing reaction, for formation of 
poly-ethylenedioxy-thiophene on the oxide coating layer. Subsequently, carbon layer ad silver paste layer are formed in 
series by the known manner to provide a cathode conductive layer. The silver paste layer after formed is anchored with 
an anode lead wire by means of the conductive paste. Wrapping of epoxy resin is then formed by means of the transfer 

55 mold of epoxy resin to produce a tantalum electrolytic capacitor. 
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[Example 4] 

A sintered type tantalum electrolytic capacitor was produced in the same process as the forgoing Example but 
employing ethylene glycol monomethylether in place of ethylene glycol. 

[Comparison Example 5] 

A sintered type tantalum electrolytic capacitor was produced in the same process as the forgoing Example but 

employing butanol in place of ethylene glycol. m 

Characteristics of the solid electrolytic capacitors produced in Examples 3-4 and Comparison Example 5 are 

shown in Table 3. 



Table 3 



15 



20 



25 



30 



35 





Electrostatic capacity {\i F) 
(120Hz) 


tan5(120Hz) 


ESR(n)(100KHz) 


Ex.3 


1.17 


0.011 


0.395 


Ex.4 


1.08 


0.013 


0.356 


Com.Ex.5 


1.13 


0.015 


1.015 



After the electrical etching treatment of the surface of aluminum foil, ^ ^ ^ 

a formation voltage of 58V was applied in an aqueous solution of boric acid to form an oxide coat.ng layer on he surface 
of aSZ ^Sng foil to obtainan aluminum formation foil. The aluminum formation foil as an anode and the etching 
S2S3^T3Se were wound by the separator to produce an electrolytic capacitor element Subsequently. 8g 
of ^eSlS^ioxy-thiophene, 22g of iron p-to.uenesulfonate and 22g of ethy.ene glycol were 
oerature and the electrolytic capacitor element was dipped in the solution for deposition of the so ut.on onto the sepa- 
ratof flowed Iby heating [at 80 °C for 30min, to promote the polymerizing reaction for formation of poly-ethylened.oxy- 
oxide coating layer. Subsequently, wrapping of epoxy resin is provided by means of the transfer mold- 
ing of epoxy resin to produce, a wound type aluminum eletrolytic capacitor. 

[Comparison Example 6] 

A wound type aluminum electrolytic capacitor is produced by the same process as the aforementioned Example 
but employing butanol in place of ethylene glycol. . ^u™.,,. 

Characteristics of the solid electrolytic capacitors produced in Example 5 and Companson Example 6 are shown 

in Table 4. 



40 



45 



50 



55 



Table 4 





Electrostatic capacity (n F) 
(120Hz) 


tan5(120Hz) 


ESR(O) (100KHz) 


Ex.5 


10.8 


0.011 


0.025 


Ex.6 


10.4 


0.025 


0.171 



As shown in Table 3 and Table 4. when ethylene glycol or ethylene glycol monomethylether .s ^P' 0 ^ ^ 3 sol- 
vent forlTethylenedioxythiophene and an oxidizing agent upon polymerization, tan 6 and ESR are lower than the * case 
of employing butanol. eitker in the sintered type tantalum electrolytic capacitor or m the wmd rolling aluminum electro- 
SapSr and a solid electrolytic capacitor having a low impedance could be obtained. Moreover, .n the smtered 
voe Sum electric capacitor^ an electrolyte layer formed on the exterior of the tantalum sintered body .s closely 
adheS nc Ze Sum sintered body with improved film formation properties to obtain an improved electrolyte layer 
according to the present invention. 
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[Possibility of industrially applicable] 

In the present invention the capacitor element of wound anode foil and cathode foil with a separator is impregnated 
with a solution mixture of 3,4-ethylenedioxythiophene and an oxidizing agent for penetration into inside of the capacitor 
s element. 

Further, by a gentle polymerizing reaction of 3,4-ethylenedioxythiophene and an oxdizing agent during or after pen- 
etration, polyethylenedioxythiophene or a solid electrolyte layer is formed inside of the capacitor element and the solid 
electrolyte layer is suspended by the separator from its producing process. 

Therefore, elaborated and homogeneous solid electrolyte layer could be formed even inside of the capacitor ele- 

w ment to enhance electric characteristics of the solid electrolytic capacitor and particularly for the voltage resistance, the 
improvement is remarkable together with the characteristics of polyethylenedioxythiophene per se as compared with 
the conventional solid electrolytic capacitors employing the conductive polymer for the solid electrolyte layer. 

Moreover, for the capacitor element an anode foil and a cathode foil are wound by means of a separator under the 
constant clamping pressure and thus the anode foil, the cathode foil and the separator are adhered together under the 

15 constant pressure and the solid electrolyte layer suspended by the separator is also adhered to the anode foil under the 
constant pressure. Accordingly, adhesive properties of the oxide coating layer to the solid electrolyte layer on the anode 
foil are improved to obtain desired electric characteristics. 

Furthermore, when a separator of a glass paper or a blend of glass paper and paper is used, a solution mixture of 
3,4-ethylenedioxythiophene and an oxidizing agent is conveniently penetrated into the capacitor element and polyeth- 

20 ylenedioxythiophene is formed inside of the capacitor element to improve characteristics of the product. 

In a process for producing polyethylenedioxythiophene according to the invention, since thermal treatment at a high 
temperature is not operated as done in the conventional manganese dioxide or TCNQ complex, breakage of the oxide 
coating layer is depressed to enhance reliability of products without any injury of the lead wire by the thermal treatment 
for the direct use as an external connector. 

25 Further, according to the present invention, dihydric alcohol, trihydric alcohol and derivatives of dihydric alcohol are 
used as solvent so that the rapid reaction is secured with improved polymerization to provide the electrolyte layer of high 
polymerization degree and conductivity and good adhesive properties to the oxide dielectric layer for obtaining a solid 
electrolytic capacitor of improved tan 5 and ESR and low impedance may be obtained since the formed electrolyte layer 
of poly-ethylenedioxythiophene is satisfactorily adhered to the oxide coating layer. 

30 Furthermore, since solvents have relatively high boiling point, the polymerizing reaction state may be maintained 
at a high temperature for the rapid polymerization reaction with reduction of the polymerization time. 

Claims 

35 1 . A solid electrolytic capacitor comprising a capacitor element of wound anode and cathode foils with a separator of 
a glass paper which is impregnated with & solution mixture of 3,4-ethylendioxythiophene and an oxidizing agent 
and the solution mixture penetrated into the separator is then subjected to the polymerization reaction to form pol- 
yethylenedioxythiophene for providing an electrolyte layer which is suspended by the separator. 

40 2. A solid electrolytic capacitor as claimed in claim 1 , wherein the oxidizing agent is iron p-toluenesulfonate dissolved 
in ethylene glycol. 

3. A solid electrolytic capacitor as claimed in claim 1 , wherein the electrolyte layer is suspended by a separator of a 
blend of glass paper and paper in place of the glass paper. 

45 

4. A solid electrolytic capacitor as claimed in claim 3, wherein the blending ratio of paper for the separator is less than 
80 %. 

5. A process for production of a solid electrolytic capacitor which process comprises impregnating a capacitor ele- 
so ment of wound anode and cathode foils with a separator of glass paper with a solution mixture of 3,4-ethylendiox- 
ythiophene and an oxidizing agent, and performing the polymerization reaction in the solution mixture penetrated 
into the separator to produce a polyethylenedioxythiophene. 

6. A process for production of a solid electrolytic capacitor which comprises impregnating a capacitor element of 
55 wound anode and cathode foils with a separator of glass paper with a solution mixture of 3,4-ethylendioxythiophene 

and an oxidizing agent and standing the resultant at 25-1 00°C for 15-2 hours with desired repeats. 

7. A process as claimed in claim 6, which comprises impregnating a capacitor element with a solution mixture of 3,4- 
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ethylendioxythiophene and an oxidizing agent and standing the resultant at 50°C for 4 hours. 

8. A process as claimed in claims 5-7, wherein the blending ratio of 3, 4- ethylendioxythiophene and an oxidizing agent 
is 1:3 to 1:15. 

5 9. A process as claimed in claims 5-8, wherein the oxidizing agent is iron p-toluenesulfonate dissolved in ethylene gly- 
col. 

10. A process as claimed in claims 5 or 6, wherein a separator of the blend of glass paper and paper is used in place 
10 of the glass paper. 

11. A process as claimed in claim 10, wherein the blending ratio of paper for the separator is less than 80 %. 

1 2 A solid electrolytic capacitor in which the valve action metal on its surface is successively provided with a ^electric 
Le of the va ve action metal oxide and an electrolyte layer of conductive polymer 

vXSnedioxythiophene produced by polymerization reaction of 3.4-ethylened.oxyth.ophene wrth an oxd.z.ng 
J^^S?^-ol-JU«) selected from dihydric alcohol, trihydric alcohol and der.vat.ves of d.hydr.c alcohol. 

13 A solid electrolytic capacitor as claimed in claim 12. wherein the derivatives of dihydric alcohol is dihydric alcohol 
ethers, eaters of dihydric alcohol or esters of dihydric alcohol ethers. 

1 4. A solid electrolytic capacitor as claimed in claim 12. wherein the dihydric alcohol is ethylene glycol, propylene glycol 

or hexylene glycol. 

25 15. A solid electrolytic capacitor as claimed in claim 13. wherein the dihydric alcohol ethers is ethylene glycol mono- 
methylether or ethylene glycol monoethylether. 

16. A solid electrolytic capacitor as claimed in claim 12. wherein the oxidizing agent is iron p-to.uenesulfonate. iron 
dodecylbenzenesulfonate or ferric chloride. 

17 A orocess for production of a solid electrolytic capacitor which comprises step of producing a dielectric layer of 

1 7. A process ^procoiOTo depositing a solution containing 3.4-ethylened.ox- 

^hiophte onto mor ^stent Slewed from dihydric alcohol, trihydric alcohol and dihydric alcohol derivatives 
S an oxfdiz^ agert on the dielectric layer of oxide and heating the resu.tantfor facilitating the polymer.zat.on 
Teact^on to form a polyethylenedioxythiophene as an electrolyte layer on the d.electr.c layer of ox.de. 

18. A process as claimed in claim 17. wherein the derivatives of dihydric alcohol is dihydric alcohol ethers, esters of 
dihydric alcohol or eaters of dihydric alcohol ethers. 

4 o 1 9. A press as claimed in claim 1 7. wherein the dihydric alcohol is ethylene glycol, propylene glycol or hexylene glycol. 

20. A process as claimed in claim 1 8. wherein the dihydric alcohol ethers is ethylene glycol monomethylether or ethyl- 

ene glycol monoethylether. 

« 21. A process as claimed in claim 17, wherein the oxidizing agent is iron p-toluenesu.fonate. iron dodecylbenzenesul- 
fonate or ferric chloride. 
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